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Abstract 
In December 2008 the remains of a wooden ship was discovered in Puerto Madero, down town in Buenos Aires. At preliminary 
observations, it would be a Spanish merchant ship from XVIII century. During the dig, remains from ship and loading were found. 
Among different kind of things, a sternpost gudgeon was found separated from the rest. This element has an important structural function 
in the ship associated with the support and guide of the rudder. The objective of the present paper is to analyze the geometric, structural 
and metallurgic characteristics from the mentioned artifact obtained at the archaeological site Zencity, to get a best understanding about 
the technology used to manufacture it, and a best knowledge of the complete finding. To this purpose, several analytical techniques were 
performed. First of all a visual and dimensional analysis was done on the piece. Then material was characterized by optical and scanning 
electron microscopy and chemical composition was determined by energy dispersive X ray spectrometry (EDS). Also microhardness was 
measured and non metallic inclusions were analyzed. According to results the piece would have been made of forged ferrous alloy with a 
significant complexity in its manufacturing. It presents forge welded areas with large slag inclusions. Ferritic-pearlitic structures 
differentiated according to the area were detected with different grain sizes, which would indicate heterogeneous temperature of hot 
working. Some Adjacent areas that show different contents of carbon were identified indicating the use of different materials, especially 
to form parts of larger thickness. 
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1. Introduction 
 
Fig.1. (a) Map of the province of Buenos Aires.(b) Aerial view of the site 
On December 28 2008, an important discovery took place; the remains of a wooden ship in the smart 
neighborhood of Puerto Madero, down town the city of Buenos Aires, in the Zencity archaeological site. 
Buenos Aires, since its u (a small stream tributary of 
the Rio de La Plata) to discharge goods, because it had a relatively deep bed. Rio de la Plata presented 
significant challenges for sailors that crossed the river, due to the sand banks and sand bars that reduced the 
deep being necessary a highly skillful pilots to overcome these drawbacks. In the area of finding, at the time 
of colony, there was a sand , where the unload and 
passenger traffic had to be done very carefully in order not to run aground the vessel in the soft bed of the 
river (Cronista Mayor de Buenos Aires, 2009). From its foundation, Buenos Aires was a marginal area for 
Spanish crown, only in 18th century the Spanish position changed with clear intention to stop the portugues 
advance in the region. In the second middle of the century, the city began to grow south forward, with the 
arriving of immigrants and the increase in commercial traffic. The creation of the Viceroyalty of the Rio de la 
Plata in 1776, with Buenos Aires as its capital, consolidated this growth, along with the opening of the port 
agreed in the rules of free trade, two years after (Cronista Mayor de Buenos Aires, 2009). 
From preliminary observations, the ship would be presumably a merchant vessel of Spanish origin from 
eighteenth century. The ship would have run aground in the area that was a beach at that time, after successive 
fillings, the beach stayed about 6 feet under the sidewalk. During the excavation of the site remains of the ship 
and the cargo were found, there were guns, coins, pots, pipes, nail, rudder parts, rope, keys, wooden blocks, 
studs and bolts. Figure 1b and 2 shows an image of Zencity site. 
Among the different kind of objects in the site, there was a sternpost gudgeon separate from the stern. This 
element plays an important structural role in the vessel, associated to the support and guidance of the rudder. 
The sternpost is the principal upright post at the stern of a vessel, usually serving to support the rudder. It is 
the upright structural member or post at the stern of a (generally wooden) ship or a boat, to which are attached 
the transoms and the rearmost left corner part of the stern.The way the rudder is assembled to the stern by 
pindles and gudgeons is showed in Figure 3. This ship had three of these elements; two of them are still 
attached to the hull. The analysis of this kind of artifact can supply information about ship manufacturing 
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technology, its origin and dating (ASM International, 2004; Pereira et al., 2004). According to the kind of 
ship, time of manufacturing, and origin, it may be distinguished different type of items, such as: material, 
form and method of fixation used. 
 
Fig.2. Vessel found at the site Zencity Fig.3. Detail of the assembling of the rudder to the sternpost gudgeon 
(Mott, 1991) 
The aim of this paper was to analyze geometrically, structurally and metallurgically the sternpost gudgeon 
from the Zencity archaeological site to achieve a better understanding of its manufacturing technology as well 
as a general knowledge of this particular  archeological discovery 
2. Experimental procedure 
Figure 4a shows the two sternpost gudgeons which are still fixed to the hull, and Figure 4b shows the one 
studied in this work.  
 
 
 
 
 
 
Fig.4. (a) stern gudgeon fixed of the hull; (b) piece analyzed 
About this element, visual inspection was done in order to analyze dimensions and structural 
characteristics. Non destructive metallographic analysis was performed in order to characterize the macro and 
microstructure of the material, to detect the presence of defects and identify the manufacturing process of this 
element. A 15 x 8 mm fragment was taken out from one end of the artefact. This piece was subjected to 
several tests: microestructural characterization by means of Light Microscopy (LM) and Scanning Electron 
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Microscopy (SEM), global and local composition determination by means of Energy Dispersive X Ray 
Spectrometry EDS, and Vickers microhardness (HV). 
 
3. Results and Discussion  
3.1. Dimensional analysis 
Figure 5 shows a diagram with the dimensions of the piece analyzed. 
 
Fig.5. Drawing of analyzed piece 
Top view shows the area of the hub where the rudder shaft articulated. The part studied was made in 
wrought iron and consist of a strip of 2600 mm length, 60mm wide and 10 to 18mm thick, folded to 30 to 35 
degrees, with holes of about 15mm in diameter in both arms and at the ends, to fix the piece to the hull by 
bolts or nails, such it was the usual practice at that time (Blackburn, 1817). The element under study presents, 
like the other two, a bushing to guide the rudder pin. This device is fundamental to the government of the ship 
as part of rudder support and operating system. This configuration began to be used in Occident from the first 
millennium AD, and have allowed to make rudder blades bigger according to the requirement of the constant 
increase of vessels size(Mott, 1991). Its function is fixing the hinge axis of the rudder to the stern of the hull.  
 
 
 
 
Fig.6. Analyzed areas of the stern gudgeon: (a) hub and reinforcement; (b) holes and (c) extreme  
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The relevance of this piece was related to safety and maneuverability; materials and manufacturing 
technology are aspects relevant of it, and it can be considered that they indicate in some degree the quality of 
the vessel and the importance that the shipbuilders gave to its metallic components.  
The gudgeon has several areas of interest in relation to manufacturing: 1)the hub zone, 2)the reinforcement 
area, corresponding to the first 30 mm on each side of the hub where the strip shows a greater thickness, and 
3) the zone of holes, with aesthetic and structural features. Figure 4 shows images from the different areas 
mentioned.  
3.3 Macrography 
 Figure 7 shows a macrographs of the different analyzed zones. In the hub zone (Figure 7b), the presence 
of large oxide inclusions or slag was detected. This observed pattern allows describing the material plastic 
flow during the forming process. The presence of inclusions, longitudinally oriented in the direction of the 
arms (Figure 7B and 7E) are in correspondence with the use of forge welding process of different plates or 
strips, to configure the cylindrical structure of the hub. This zone presents the maximum thickness (30mm). 
 
Fig.7. Macrographs of the different areas analyzed 
Some cracks that connect large inclusions are seen in areas of bushing entailment with the arms (Figure 7C 
and 7D). This feature is associated to efforts which have a tendency to increase the angle between the arms, 
probably related with the assembly or disassembly of this part in the hull.  
In reinforcement area, it can be seen the presence of large oxide inclusions parallel to the surface (Figure 
7F), which would indicate the existence of an interface between two welded plates to obtain the larger 
thickness that is required in the zone. In one of the holes in this area, a sudden local thickness reduction was 
detected, which could indicate the end of one of the reinforcement plates, (remarked with a red line in Figure 
7G) 
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3.3. Microstructural Characterization 
 
Figure 8 shows the microstructure of the hub zone and the thickening of the gudgeon arm. It presents 
different  microstructural characteristics, depending upon the area examined. In certain zones equiaxied ferrite 
grains with low carbon content is observed (Figure 8D, E,F), indicating a rescrystallized  structure, typical of 
a hot working process or, cold worked and then annealed which is less likely considering the dimensions of 
the piece,. Other areas, exhibit a slightly higher carbon content (apparently, about 0.3-0.4) with ferrite and 
colonies of pearlite with equiaxed shape (Figure 8B) which corresponds to a process of heating and allotropic 
recrystallization. Furthermore it is noticeable the presence of distorted ferrite grains with elongated pearlite 
colonies in its edges (Figure 8C) formed, probably, as a result of a moderately fast cooling process 
(normalized). Besides the above described microstructure there are inclusions of oxides and silicates with 
sizes of the order of one millimeter, aligned in the shaping sense of the piece, along with other larger slag 
inclusions that separate different volumes of material. 
 
Fig.8. Microstructures of different areas of interest in the gudgeon 
The described microstructures are in different portions of the piece, separated one of each other by slag and 
in some cases by materials fibers plastically deformed (Figure 8A y B). Microstructural variation in 
reinforcement zone (detail F y G) is an example of this feature. It should be noted, that this manufacturing 
way,of assembling small pieces by forge welding in structural elements, was common up to the end of 18th 
century for large parts construction , like anchors (Williamson, 1993, Curryer, 1999). 
In Figure 9, different microstructures detected in the sample removed from one of the edge of the gudgeon 
can be seen. They consist of ferritic-pearlitic structures with variable amounts of these phases. In certain 
zones two different structures coexists at both sides of an oxide inclusion (Figure 9A). 
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Fig.9. Microstructures in the sample from one extreme.  
On one side, there is a structure already mentioned, and on the other side one mainly ferritic, with presence 
of pearlitic fine equiaxed grain, with lower carbon content. This, would be associated to two different 
materials welded by forging. The oxide inclusion would correspond to a forging welding defect located at the 
interphase. In other zones (Figure 9B) higher fraction of pearlite and a large grain (approx 100 microns) were 
observed along with frerrite at previous austenite grain boundary and needles of Widmanstätten ferrite. This 
microstructure would be associated with a higher carbon content (0.5-0.6 approx), and a high hot working 
temperature. Finally, another zone could be identified (Figure 9C) where a large grain structure of ferrite with 
second phases and some pearlite, which is associated with a high hot working. temperature followed by high 
cooling speed. On this sample, microhardness Vickers test (HV 1 kg) was performed. The average value was 
173HV. For pearlitic zone (Figure 9B) the hardness was 198HV, whereas 141HV was the value for ferritic 
zone, (Figure 9A); finally for areas with ferrite with second phases (Figure 9C) 161HV was measured. These 
values agreed with the different microstrutures mentioned. 
 
Fig.10. SEM image of a nonmetallic inclusion 
Regarding material chemical composition, a global analysis performed by means of EDS, from a sample 
extracted of one of the edges, revealed, only the presence of iron, without any other alloying element, 
according to detection possibility of this technique. With reference to nonmetallic inclusions, Figure 8 shows 
a detail of one of them, which is representative of what is found in large oxide inclusions, a solidification 
structure with high contents of Fe and Si, and the presence of Al, K, Ca, Mn and Mg. 
The higher carbon contents in this zone of the piece, located in regions of less thickness and closer to the 
surface, compared with microstructures in deepest areas, suggests the possible use of a carburizing process. It 
is remarkable that similar microstructures have been observed in equivalent positions in pieces which acted as 
fasteners of the same ship structure. (De Rosa et al., 2009). Taking into account the observed microstructural 
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variation and large slag inclusions that form the material fiber, it might be said that this characteristics 
correspond to inhomogeneities inherent to a craftsmanship work. Comparing the gudgeon with iron fasteners 
of the same vessel (De Rosa et al., 2009) no microestructural differences were noticed between them which 
might be associated with differences in constructive method, considering the functionality of the pieces. 
 
 4. Conclusions 
 
It was studied a sternpost gudgeon from a ship found in 2008 at Puerto Madero down town Buenos Aires. 
It is constructed iron strip whose thickness is between 10-18 mm, folded with an angle of about 30 degree, 
with a total length of 2600mm, presenting a hub central zone for rudder pin assembling, and holes in their 
extremes for fixing to the hull. In hub zone the strip presents higher thickness (30mm) as well as in the 
reinforcement area and it would have been built by forge welding. Large slag inclusions were observed 
through the thickness of material, and also plastic deformation in interphases. The presence of differentiated 
microstructures, in adjacent areas, suggests that different parts were used for build the strip. These macro and 
microstructures aspects would be associated to hand made manufacturing, consistent with the techniques used 
at the time when the vessel was built. The way to build the part, in spite of its size and functionality, does not 
reveal substantial differences with that of others iron parts, already studied, that belonged to the hull fastener 
system and its structure 
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